Abstract. The article deals with methodological issues concerning the developing the structure and content of instrumental monitoring during operation of buildings and structures. The results confirming the dependence of the life cycle duration of construction objects on the timely taking into account the threats of damage to structural elements, were obtained. The research on prediction of the technical state under the influence of factors with different properties was fulfilled. The factor of the building's vulnerability as a property of losing operational integrity as a result of damage under the influence of a certain type of negative factors, was introduced and evaluated.
ing impact factors, the characteristics of the source of the threat (distance from its source to the building, parameters that characterize the power of the source of the threat), the technical condition of existing buildings, the distance to the building being built in the compacted area, etc., should be considered.
In order to assess the risk of damage, in addition to identifying the possible causes of this process, it is proposed to assess vulnerability of the building and the area around it. It is suggested to consider the tendency of the building to lose its operational integrity as a result of damage due to certain factors as vulnerability. The degree of vulnerability of a building depends on the characteristics of the building itself, the characteristics and the state of the soil base and surrounding area. An attempt to quantify the extent of the factors leads to the need to characterize the emerging dangerous situation.
The «ideal» variant to assess vulnerability ky is a hypothetical process characterized by a lack of symptoms that identify an unsafe process in the combined effect of all factors. In this case . Taking into account the principles of valuation of characteristics, the maximum danger for the territory can be , so it is possible to write: . Characteristics of the building and the territory reflecting the vulnerability are represented in Table. 1. The table specifies the parameters that characterize the vulnerability, their conditional codes yi, and the conditional subcodes of the parameters уi1, уi2, уi3 that have little, medium and maximum effect respectively. If the parameters are determined numerically, the vulnerability can be defined from the expression that characterizes the dependence of vulnerability on the value of the parameter under the condition that this dependence is linear. Given that at this stage the databases concerning the impact of various factors on the vulnerability are not sufficiently developed, the degree of impact can be assessed by method of expert assessment by specialists involved in design and operation of buildings. The typical result of the expert assessment is shown in Fig. 1 . In future, it is suggested not to use all parameters but only those that have the largest value.
To determine the dependence of vulnerability of a building to a specific parameter the given values are used. The given value i is the maximum vulnerability factor to a particular parameter 3 i у . The given maximum vulnerability factor yi3 to the parameter is defined as a ratio of the value of the rank ri obtained as a result of the expert assessment to the sum of all the ranks to be used, i.e.:
, (1) where j is number of vulnerability value; i is a consecutive number of vulnerability value to be used; n is quantity of values to be used.
A degree of lower vulnerability is determined as and if the parameters are defined by some statement (Fig. 2) .
If values of the parameters are numeric, the vulnerability factor to a particular parameter can be determined by expressions (2) and (3) and the diagrams of these expressions are presented in Fig. 3 .
yi3, . , ,
, where yi is vulnerability to parameter i; x is value of the parameter; yi3 is value of the maximum given vulnerability factor to the parameter i; xi1, xi2 are parameter values that illustrate low, medium and high vulnerability. For assessment the vulnerability factor to all factors ki will be used as maximum probability of influence of a particular factor on the damage to the building, which is determined by the sum of vulnerability factors of a particular building to individual parameters of the factor:
, (4) where yi is a given numerical value of the impact parameter i; n is quantity of impact parameters for the object.
Damage at possible risks depends not only on the vulnerability of the buildings but also on the characteristics of the source of the threat, the technical condition of existing buildings, the distance to the building being built in the compacted area. Characteristics of the source of the threat may include remoteness of the source from the building or the parameter indicating the power of the source of the threat. These factors can be assessed in each particular case on the grounds of the literature sources or by the method of expert assessment as coefficient of threat significance kз to the resulting vulnerability factor. Characteristics of the sources of the threats are reduced to a separate table (Table 2 ). In order to take into account the degree of responsibility of the building, the coefficient of significance kc is taken, which indicates the degree of importance according to Table 3 . To characterize the technical condition of the building, the coefficient of significance km is introduced in accordance with Table 4 . In this case the building`s vulnerability factor kуб to a particular risk factor can be represented by such expression:
, (5) where is the coefficient of significance of the threat source, power of the threat, etc.;
is the coefficient of significance indicating a degree of responsibility of a building; is the coefficient of significance of technical condition of a building; is vulnerability factor from (4). The values of the coefficients of significance are determined on the grounds of literature sources, experimental investigations or the expert survey method. The most optimal values are given in Tables 2-4. --unserviceable -it is necessary to carry out a structural survey and to take a decision about total building renovation --unfit building -it is necessary to carry out a structural survey of the building and to take a decision about its refurbishment or dismantlement
If there are several parameters of threats, they are considered separately and the largest value is taken to assess the threat . If there are several sources of threats, the decisions about structural survey are taken separately for each source, but if the possible means of monitoring are the same, they are combined to monitor the influence of all sources.
A vulnerability grade (low, medium, high) to a specific risk factor is defined for taking a decision concerning the expediency of structural survey and its definition: -low vulnerability:
,
where is highest possible value of the vulnerability factor, without taking into account the coefficients of risk factors; -medium vulnerability:
, (7) -high vulnerability:
The vulnerability grade of the building can have values larger than 1.0 if to take into account the coefficient of significance of threat, the degree of responsibility, etc.
The decision about necessity of the structural survey, its definition and frequency are taken based on the results of the vulnerability factor determination:
-at low vulnerability factor of the building, the monitoring level should be normal, i.e. taking into account low probability of damage, it is possible not to carry out instrumental monitoring but to limit the survey by visual observation during the periodical planned inspections; -in case of medium building vulnerability, the monitoring level should be increased, i.e., taking into account the average probability of damage, besides the visual observation during the periodical planned inspections, additional periodical instrumental examinations are necessary in order to investigate the possible relationship between the values of the parameters and the dynamics of the detected damages; -in case of high vulnerability of the building, the monitoring level should be special, that is, taking into account high probability of damage, the object must be equipped with an additional automated monitoring system to prevent emergencies. The system's elements and the controlled parameters are determined individually taking into account the analysis of possible threats and damages.
Conclusions. Based on the results of the above method it is possible to predict the further development of processes. The frequency of control is determined by the maximum possible rate of change of the monitored parameter taking into account the ratio of the cost of this work to possible losses from delayed detection of damage.
